Detection, treatment and control of high blood pressure in many populations are insufficient. We reported current prevalence, awareness, treatment and control of hypertension in the Netherlands and compared the findings with other studies. Furthermore, we related actual treatment of hypertension to estimated absolute 10-year cardiovascular risk, as according to current guidelines on this subject, initiation of blood pressurelowering treatment depends on the level of cardiovascular risk. The Utrecht Health Project is a prospective cohort study in a suburb of Utrecht. Information on medical history, life style and measurements of blood pressure, cholesterol and glucose of the first 4950 participants of the study was obtained. Cardiovascular risks were calculated using the Framingham risk function. Prevalence of hypertension was 23.3%. Among those with hypertension, 33.7% was aware of the condition. Of those aware, 59.4% was treated. Of those treated, 41.9% had blood pressure below the recommended level. In half of those aware of their hypertension, and a calculated cardiovascular risk less than 10%, treatment of hypertension was started unnecessary. Of those aware of their hypertension with a calculated cardiovascular 10 years risk exceeding the treatment threshold of 20%, treatment was absent in 33.6%. Awareness and control of hypertension are still inadequate in the Netherlands and comparable with other European countries. Management of hypertension is too often not risk-based despite recommendations in guidelines on prevention of cardiovascular diseases available since 2000.
Introduction
Treatment of hypertension is widely advised as randomized, controlled trials have clearly shown that lowering of blood pressure reduces the incidence of cardiovascular events. However, different surveys show that only a minority of those with hypertension are detected, that many of those are not treated and if treated, blood pressure levels are above target levels. In fact, these proportions are often reported to be even lower than in the so-called 'rule of halves': half of all hypertensive patients are aware of having hypertension, 50% of those detected are treated and in half of the treated hypertensives, blood pressure levels are wellcontrolled. [1] [2] [3] [4] [5] In the Netherlands prevalence, awareness, treatment and control were described in detail in [1982] [1983] [1984] : awareness and control percentages were around 50%, whereas treatment proportion was even lower. 6 In this present study, we evaluate the rule of halves once again. Improvement of awareness, treatment and control of hypertension has been the aim of a number of national guidelines regarding detection and treatment of hypertension.
Treatment initiation in hypertension changed in the last decade. According to the prevailing view on blood pressure-lowering treatment, initiation should be risk-based, that is, based on the context of a patient's absolute cardiovascular risk and not based on blood pressure level only. 7 Absolute cardiovascular risk is estimated using a risk function and determined by a combination of risk factor levels, notably age, gender, smoking habit, cholesterol level, systolic blood pressure and diabetes. The former Dutch guidelines on hypertension, in force during the study period, recommended initiation of blood pressure-lowering treatment only if a person's risk exceeds a determined threshold of risk of cardiovascular morbidity and mortality (i.e. X20% in 10 years), emphasising the aversion of over-treatment. Treatment should be considered if calculated risk is between10 and 20% in 10 years.
The first aim of this study is to describe the current prevalence, awareness, treatment and control of hypertension in the Netherlands and compare this with a previous national study and recent international studies. Secondly, we set out to investigate to what extent blood pressure-lowering treatment is in accordance with a person's calculated cardiovascular risk level.
Materials and methods

Study population
The analyses were based on the information from participants of the Utrecht Health Project (Leidsche Rijn Gezondheids Project, www. lrgp.nl), an ongoing prospective cohort study among all inhabitants of a newly developing large residential area in Leidsche Rijn, a suburb of the city of Utrecht, the Netherlands. 8 The Utrecht Health Project (UHP) started in 2000 and is estimated to enrol two-thirds of the growing population of inhabitants of the area over the coming years. The study was approved by the Medical Ethics Committee of the University Medical Centre, Utrecht, the Netherlands, and all participants gave written informed consent.
By January 2005, 13 128 inhabitants were invited, of whom 6755 gave informed consent (response 51.4%). Entry data were complete on 6304 (48%) adults and children with an average follow-up of 2.5 years. The present analysis is based on the information of the first 4950 adult participants (18 years and older) of the study recruited between 2000 and 2004.
Measurements
All subjects went through a general health questionnaire with a trained nurse. Information was obtained on medical history, current drug use, lifestyle. Next, blood pressure was measured at the dominant arm with an Omron M4 device, Medizintechnik Handelsgesellschaft mbH, Mannheim, Germany. The cuff sizes were adjusted to the arm circumference. Blood pressure measurements were taken twice at one occasion in sitting position with 2 min in between. The average of the two measurements was used. Height and weight were measured. Cholesterol levels and glucose levels were measured using a Synchron LX20 (Beckman, Coulter Inc., Fullerton, CA, USA).
In the first part of this article, hypertension was defined as a systolic blood pressure X140 mm Hg (if age o60 years) or X160 mm Hg (if age X60 years) and a diastolic blood pressure X90 mm Hg (all ages), according to the former Dutch Hypertension guideline 9 (but deviating from the international standard), or blood pressures under these thresholds, but treated with blood pressure-lowering drug for the indication 'elevated blood pressure'. Participants were considered as 'aware of the elevated blood pressure' when they reported on the baseline questionnaire that they had hypertension. Participants were considered as 'receiving blood pressurelowering drug', when they reported that they were using blood pressure-lowering medication for the indication elevated blood pressure. Well-controlled hypertension was defined as receiving blood pressure-lowering medication and having a blood pressure lower than 140/90 mm Hg (or lower than 160 mm Hg for subjects X60 years). For the comparison with other European studies, we used the more common definition of X140/90 mm Hg for all ages. Education as an indicator of socio-economic status was classified into three categories: low (no education completed, primary education and lower vocational education), medium (intermediate secondary and vocational education and higher secondary education) and high (higher vocational and university education). Alcohol consumption was reported in g/day. Assuming one consumption contains 10 g of alcohol on average, mean consumptions/week were calculated.
The Framingham risk function was applied to estimate an individual's 10-year risk of cardiovascular disease using the approach described by Anderson. 7 The recently developed European SCORE risk function was not used, because in the former Dutch guidelines on hypertension, which was developed in 2000 and applied in the study period, the Framingham risk function was used. Risk calculation was carried out only in persons free of cardiovascular disease (CVD) and aware of their hypertension, because only in these persons calculation and risk-based treatment was to be expected. According to the Dutch guidelines on hypertension, X20% risk on cardiovascular mortality and morbidity was the cutoff for initiation of blood pressurelowering treatment, X10% risk was the cut-off for considering treatment.
Data analysis
Prevalence of hypertension, awareness of high blood pressure, use of blood pressure-lowering drugs and controlled hypertension were presented in tables as percentages. w 2 tests were used to study whether the prevalence differed between men and women. Data analysis was performed with SPSS 12.0.
Literature search
Two literature searches in PubMed were carried out to compare our data with that of other European studies. The following queries were used: 'prevalence of hypertension AND awareness AND treatment' and 'prevalence of hypertension AND detection AND antihypertensive treatment AND control'. Used limits were: publication date from 2000, only items with abstracts, English, Humans.
We searched for studies only in European countries, in which the outcomes were reported as age-and sex-dependent. We included only populations without CVD. The included studies were carried out in the same age group as our study and prevalence, awareness, treatment and control were all reported separately.
Results
Mean age was 38.8 years (18-91 years), mean body mass index (BMI) was 25.4 kg/m 2 . Women had higher high-density lipoprotein (HDL)-cholesterol levels (1.4 mmol/l) than men (1.1 mmol/l). Mean systolic blood pressure in men was higher than in women. Men more often smoked and consumed more alcohol than women ( Table 1) .
The overall prevalence of hypertension was 23.3% (95% CI, 22.0-24.5%). The prevalence increased with age and was higher in men than in women. The difference between men and women was statistically significant in all age categories except in those older than 60 years ( Table 2) . Awareness of elevated blood pressure as percentage of the number of persons with hypertension was 33.7% (95% CI, 30.9-36.4%). Awareness increased with age. In all age categories, except the highest category, awareness was significantly higher in women than in men (Table 2) . Treatment in persons who were aware of their hypertension was 56.4% (95% CI, 48.8-63.9%) in men and 61.8% (95% CI, 55.1-68.3%) in women. Overall, 59.4% (95% CI, 54.4-64.3%) of those aware were treated. The mean percentage of treated subjects with well-controlled blood pressure levels was 41.9% (95% CI, 35.4-48.4%); this proportion was clearly higher in women (50.7%; 95% CI, 40.2-57.5%) than in men (32.3%; 95% CI, 22.8-41.8%) ( Table 2) .
We calculated 10-year CVD risk for 3922 participants, of whom complete risk factor information was available at the time of the analysis, including subjects with diabetes, but free from symptomatic CVD. Analysis of the other 1024 participants with incomplete risk factor information did not differ significantly in general characteristics from those with risk calculation. Of the mentioned 3922 participants, 292 were hypertensives and were aware of this condition. In Table 3 these 292 subjects are shown, divided into three risk categories: o10, 10-20 and X20% and two groups: treated and not treated with antihypertensives. According to the guideline, subjects with systolic blood pressures (SBP) 4180 or diastolic blood pressure (DBP) 4100 should receive treatment irrespective of their risk, so these subjects were assigned to the X20% risk group. Treatment in accordance with risk-level depended on the risk category. In the low-risk category (no treatment according to the guideline), half of the subjects were treated despite their low risk. In the intermediate group (treatment should be considered), two-thirds of all subjects were treated. In the high-risk group, one-third was not treated despite their high risk. Treating hypertension: a risk-based approach T Scheltens et al However, their risk could be under 20% as a result of the treatment. Therefore, we added 10 mm Hg to their SBP according to the mean blood pressurelowering effect of antihypertensive drugs in several trials. 10 Then, we calculated their risk again. This resulted in a small increase of five subjects in the intermediate group, but there was no shift from the intermediate to the high-risk group.
A non-responder analysis was executed, that is, of those not participating in the UHP, but registered with the GPs in the area. Aggregated information was retrieved. Mean age was comparable in male non-responders and responders (39.4 vs 40.5 years) and in female non-responders and responders (both 38.8 years). Hypertension defined as ICPC code (International Classification of Primary Care, this is a coding and classification system of complaints, symptoms and diseases in primary care) or high blood pressure measured and recorded or marked in medical records (and the patients therefore presumed aware of hypertension), was more often diagnosed in non-responders than in responders. In male non-responders, the prevalence was 10.6%, in responders it was 6.8%; in female non-responders hypertension was diagnosed in 12.0% and 6.8% in responders.
We compared our findings with other recent studies in Europe [11] [12] [13] [14] [15] [16] (Tables 4 and 5 ). Together with the French study, prevalence in our study was low compared to the other described studies. Except for French men and women and the women in our study, mean prevalence of hypertension in the other studies was over 30%. In all studies, awareness of hypertension was higher in women than in men, probably because women visit doctors more often than men. 17 Awareness did not exceed 61% in any of these studies. Treatment of subjects aware of their hypertension varied between 25 and 85%. In England and Bulgaria, treatment percentages were rather low. Control of hypertension was reported in Abbreviation: CVD, cardiovascular diseases. Subjects SBP4180 and DBP risk were assigned to the category 420%.
Treating hypertension: a risk-based approach T Scheltens et al different ways: control of all persons with hypertension and control of persons who were treated for their hypertension. Control of treated persons did not exceed 30%; the only exception was the women in our study, where 39.5% had controlled blood pressures. Control of all persons with hypertension never exceeded 25% and was lowest in men in our study (3.0%).
Discussion
The present study shows that prevalence of hypertension is considerable in this relatively young population. Awareness is modest and treatment does not frequently lead to controlled levels. Initiation of treatment conform to the guideline in subjects with higher risks was more common than refraining from treatment in low-risk subjects. Some aspects of the study need to be discussed. First, in our study the blood pressure was measured twice, but only during one visit. It is known that this approach results in an overestimation of the prevalence of hypertension. In addition, the overestimation of prevalence of hypertension has led to an underestimation of awareness. Second, awareness was probably yet more underestimated. Analysis of prevalence of hypertension in medical records showed a higher prevalence of hypertension and thus a higher awareness in non-responders. This means that the awareness in our study is probably underestimated. Third, in the younger age groups the numbers of hypertensive persons were small, limiting precision of the estimates. 
Treating hypertension: a risk-based approach T Scheltens et al
Comparison with other studies Prevalence of hypertension in 1982-1984 in the Netherlands was 5.6%, which was low and awareness high (73%), compared with our results (Tables  4 and 5 ). This may be caused by using an old definition of hypertension (X160/95 mm Hg), because blood pressures of this level are less common, but if it is present it tends to be diagnosed more frequently. Blood pressure in this earlier study was based on the last of six measurements during one visit, which may also explain the difference.
Comparison with other European studies indicates that hypertension was, and still is, a considerable health problem in Europe. Over the decades in the Netherlands, detection and control of hypertension has apparently not improved. In different European countries, the same low level of detection and control was found, despite guidelines and many publications concerning consequences of hypertension on cardiovascular events. Two patient-related factors may be important in this respect. First, hypertension usually does not give rise to any symptoms, and if not measured somewhere, the diagnosis is often missed. Second, adherence to antihypertensive medication is moderate. 18 Side effects and lack of knowledge of consequences of hypertension can lead to low medication adherence. Doctor-related factors are discussed later. Lack of detection of hypertension and lack of control of treated persons will have serious consequences in terms of development of cardiovascular morbidity and mortality.
Risk-based treatment of hypertension Some studies concerning awareness, treatment and control of hypertension report the results in relation to the rule of halves. Outcome percentages of awareness and control are often under 50%, although complete awareness and control should ultimately be reached. But nowadays when treatment of hypertension is considered, CVD risk should be taken into account. It is likely that in an approach where risk is taken into account, 'the rule of halves' is not sufficient to draw conclusions of the achievements of doctors in treating their hypertensive patients. In many guidelines, including the Dutch guidelines on hypertension, initiation of antihypertensive treatment depends on the level of cardiovascular risk. In the Netherlands it is advised, based on a cost-effectiveness study, that subjects with a 10-year CVD risk less than 10% should not receive drug treatment, despite elevated blood pressure levels. 9 In subjects with risks between 10 and 20%, treatment should be considered and in subjects with risks over 20% treatment is advised. In our study, of all persons who were aware of their hypertension, 59.4% was treated (Table 2) . If a riskbased approach is used (Table 3) , it is apparent that appropriate treatment differs in the three categories. In the low-risk group, half of the subjects were treated where they should not have been. If this is applied to the Dutch population, a considerable proportion of persons are over-treated which is not cost-effective and may lead to unnecessary side effects. In the intermediate risk group, nearly twothirds (62.5%) were treated. In the guideline it is not stated when treatment in this group should be considered. We therefore could not detect if treatment was according to their risk level (and possible additional risk-factors) or unjustly started based on their blood pressure only. If in most subjects treatment was started based on risk percentage, then doctors and patients were apparently inclined to treatment in case of a relatively low risk of a cardiovascular event. It could be interesting to investigate why patients and doctors decide to start treatment in these cases. In the highest risk category, two-thirds of the patients (66.4%) were treated. If treatment was not started despite known risk percentages, quality of care is at stake because doctors apparently choose not to treat despite high risks or cannot convince patients of the importance of risk-lowering treatment. Consequence of lack of treatment will also affect the costs in healthcare as a result of the higher incidence of CVDs that could have been prevented.
In the Dutch guidelines, the 10% threshold of considering treatment is based on the assumption that treatment is cost-effective, meaning that the costs of one life-year gained will not exceed h18.000. Treatment of persons with risks under 10% will cost more than h18.000 to save 1 year. Both consequences (over and undertreatment) should be avoided, but preventing over-treatment may result in a great reduction of costs. However, the precise balance in this is unclear and further study on this subject needs to be carried out.
Lack of risk-based treatment will possibly decrease if adherence to the concerning guidelines in daily practice of physicians improves. The factors that influence physician behaviour change and optimal use of practice guidelines are not widely studied. Lack of awareness, lack of agreement, lack of self-efficacy, lack of outcome expectancy and lack of cueing mechanism are possible negative factors that influence guideline adherence. 19 In the Netherlands, barriers for doctors to carry out recommendation concerning statin prescription according to guidelines have been studied earlier. In this study, three main barriers were identified: guidelinerelated (e.g. difficulties with the risk tables), doctor-related (e.g. lack of knowledge or lack of communication skills) and environment-related barriers (for example guidelines are not properly integrated into the electronic patient record). 20 A German study concerning knowledge of the national hypertension guideline reveals that only about a quarter of the participating physicians (n ¼ 11 547) had sufficient guideline-conforming knowledge about diagnosis and treatment of arterial hypertension. 21 If improvement of risk-based treatment of hypertension is our goal, all mentioned factors should be taken into account. This means userfriendly development of guidelines, education for physicians on the important topics of the guidelines and support of implementation in daily practice. Guideline-conform risk-calculation for all hypertensive persons will require a considerable effort of doctors or nurse-practitioners, and thus has consequences for the healthcare organization and costs. Yet, in our study we showed that when CVD risk and not blood pressure level is decisive of starting blood pressure-lowering treatment, less low-risk hypertensive persons were eligible to receive treatment, which translates to better care, less costs, less side effects and less medical consumption. On the other hand, 100% treatment of high-risk persons will lead to an additive reduction of costs as a result of a decline in preventable CVD.
In conclusion, levels of awareness and control of hypertension are still low in the Netherlands and comparable with other European countries. Initiation of treatment of hypertension is probably often not CVD risk-based; over-treatment in lowrisk groups and under-treatment in high-risk groups, both being considerable problems. Adaptation of guidelines, education and implementation support is needed to improve management of hypertension.
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